Abstract CHARGE association includes patients with at least four features prefixed by the letters of the mnemonic: Coloboma, Heart defects, Atresia of the choanae, Retarded growth and development, Genital hypoplasia, Ear anomalies and/ or hearing loss. Many also have facial palsy. We report a series identified by collaboration within one centre of all specialties concerned in the management of the CHARGE association. Ocular abnormalities were found in 44 out of 50 patients with the CHARGE association. Of these, 41 had 'typical' colobomata. The majority had retinochoroidal colobomata with optic nerve involvement, but only 13 patients had an iris defect. Two patients had atypical iris colobomata with normal fundi. Additional features were microphthalmos in 21 patients, optic nerve hypoplasia in four, nystagmus in 12, and a vertical disorder of eye movement in four ofthe 22 cases with facial palsy. We report an incidence of coloboma in the CHARGE association of 86% (43/50) compared with a previous cumulative reported incidence of 66% (112/170). We believe that there may have been previous underdiagnosis of colobomata in children with multiple congenital abnormalities.
Among the myriad of congenital abnormalities seen in paediatric practice the grouping of cases where certain features often occur in association is useful and often precedes understanding of the aetiology.
The CHARGE association includes patients with at least four features prefixed by the letters of the mnemonic: Coloboma, Heart defects, Atresia of the choanae, Retarded growth and development, Genital hypoplasia. Ear anomalies and/or hearing loss.' The diagnosis has become more specific as patients with this phenotype but with a known aetiology, such as cat-eye syndrome (partial tetrasomy 22) , Di-George syndrome (deletion 22ql 1), and multiple abnormalities due to teratogens such as retinoic acid, are excluded.
Most cases of CHARGE seem to be sporadic. Environmental or genetic causes may act similarly. Autosomal dominant pedigrees of CHARGE give support to a genetic basis in a minority of patients.2" The similarities between patients are striking, and there is considerable concordance within dominant pedigrees. In 1981 Pagon et al' described this non-random series of features comprising CHARGE association in order that later splitting by aetiology might be possible. Since then it has become clear that facial palsy, renal abnormalities, orofacial clefts, and tracheo-oesophageal fistulae also frequently accompany the main features. 6 Warburg has suggested that the VACTERL In this paper we report the incidence and range of ocular features in the CHARGE association. Our aim was to record the largest series to date and to reduce bias of ascertainment by collaboration, within one centre, of all specialties concerned in the management of the CHARGE association.
Patients and methods This study describes the ophthalmic features of 50 patients with the CHARGE association all of whom have been seen at one centre. Ascertainment of patients, both retrospective and prospective, was through a variety of specialists: a general paediatrician, geneticist, cardiologist, otorhinolaryngologist, and ophthalmologist. Most cases presented as neonates requiring major surgery for congenital heart disease, choanal atresia, or tracheo-oesophageal fistula. Patients with CHARGE features were screened during this study, if not previously, by all the specialists for further features. The minimum criterion for inclusion in our study required that patients should have at least four of the major features in the acronym." There were 28 males and 22 females. There were 13 deaths, most during the first year of life; those who died had all undergone at least three non-ophthalmic surgical procedures.
The six major systemic features of CHARGE are presented in Table I . Facial palsy was also included as a major feature, as it has been previously reported in at least 40 cases and is an otherwise uncommon finding in infancy. 14 Genital abnormalities were apparent only in the males.
Results

KARYOTYPES
Chromosome analysis was performed in 48/50 of the patients and an abnormality in blood chromosomes was confirmed only in case 36, which had an apparently balanced translocation of chromosomes 6 and 8.
OCULAR FINDINGS
The ocular features of the individual patients are summarised in Table II . Ocular abnormalities were found in 44/50 patients (88%); 41 (82%) of these had a 'typical' coloboma of varying severity. Two patients had atypical iris colobomata with normal fundi: case 8 had a unilateral upper nasal defect and case 48 had bilateral nasal defects. 32) . Two additional cases had gross microphthalmos of the fellow eye, and in all but seven eyes the optic disc was involved.
In some cases the coloboma was very subtle, but nonetheless of diagnostic importance: three patients had iris colobomata which involved only part of the stroma, and two patients with posterior colobomata had only a small defect in the retinal pigment epithelium just below and nasal to the optic disc. The optic disc in these patients had a hyperpigmented border, especially temporally, and in one eye this was the only abnormality, but the fellow eye had a disc coloboma with inferonasal chorioretinal thinning with scleral ectasia (Figs IA, IB).
Microphthalmos was bilateral in eight patients, right sided in seven, and left in six, but was mild in the majority. Only one eye of three patients had no useful vision.
Optic nerve hypoplasia was noted in patients 19, 30, 41, and 50. In all these cases the eye with the hypoplastic disc was the better seeing eye, with an acuity range of 6/6-6/18. Only patient 50 had a pigmented optic disc border, and none had the double pigmented ring sign of optic nerve hypoplasia.
Two patients (17 and 41) had unilateral persistent hyperplastic primary vitreous (without a fundal view), case 17 had a 'typical' coloboma (that is, occurring along the embryonic fissure), while case 41 had hypoplasia of the fellow optic disc. Patient 47 had partial upper lid colobomata, and two cases (9 and 47) had blockage of the nasolacrimal duct.
One patient (18) had cataract in association with retinal detachment, and case 17 had spon- In our series a grossly hyperpigmented optic disc border was observed both with and without hypopigmented retinal pigment epithelium (cases 38 and 50). This hypopigmentation occurred along the presumptive line of the embryonic fissure. In case 50 the fellow eye had a typical disc coloboma (Fig 1) . Such an optic disc appearance has been described previously in a family with microphthalmos and clinical anophthalmos, but without typical coloboma.25 As microphthalmos is acknowledged as being often associated with coloboma, this adds to the case for 'hyperpigmented optic disc border' sharing a similar aetiology. The peripapillary hyperpigmentation observed in our patients may be associated with anomalous closure of the superior end of the fetal fissure.
The majority of colobomata in our series were typical in that they were fetal fissure defects. In the embryo during the invagination of the optic vesicle a groove (the embryonic fissure) remains open at the inferior aspect of the optic cup, allowing entry of paraxial mesoderm which later forms the hyaloid system. At 4-5 weeks the fissure begins to close centrally, with apposition extending anteriorly and posteriorly by 6 weeks. We observed the complete spectrum of defects previously described,'
I 1"' encompassing iris to chorioretinal coloboma with or without optic disc involvement and microphthalmos. Visual acuity ranged in our series from light perception to 6/5 Snellen.
Horizontal pendular nystagmus in the CHARGE association in two of six cases with colobomata has been reported by Chestler and France.'3 In these cases it may be secondary to macular or optic nerve involvement in a coloboma. We propose that nystagmus may also be central in origin. We found our case 7 to have horizontal nystagmus, no major eye defect, and inner ear abnormalities. Furthermore, we found vertical or rotary nystagmus in three patients.
We describe a vertical disorder of eye movement in 4/22 cases with facial palsy, characterised by defective elevation of the globe, with the characteristics of either 'superior oblique muscle overaction' or, in one case, of 'superior rectus underaction'. Traction test has not been possible in all cases to exclude a mechanical limitation of glove movement. However, central disorders of ocular motility are not unexpected in a syndrome in which congenital facial palsy and disorders of swallowing are major features. Vocal cord paralysis has also been reported. '5 Few cases of ptosis have been reported in the CHARGE syndrome, and most of these are probably pseudoptoses associated with microphthalmos or orbital asymmetry.'62224 Patient 27, with true ptosis, phenotypically resembled Turner's syndrome but had normal chromosomes. August et al22 reported one case of ptosis which may have been central in origin and who also had a disorder of eye movement, but no mention of ocular size was made.
Facial palsy has been previously reported in the CHARGE association,"' but as we add a large number of cases, 22/50 (44%), it may be arguably included as one of the major diagnostic features.
Delayed visual maturation (DVM) has been reported in infants who are severely ill from various causes, including tracheo-oesophageal fistula and chest infection,26 and in cases with an ocular disorder such as cataracts,26 albinism,27 and retinal coloboma." Seven of our patients had DVM and all had bilateral optic disc and chorioretinal colobomata. All required major surgery as neonates; two of them had tracheooesophageal fistula, two had laryngomalacia and Nissen's fundoplication.
Our two cases of atypical iris coloboma occurred without posterior segment coloboma. This supports the view that these are not related to a defect in closure of the fetal fissure. Franqois28 considered them to be a partial aniridia due to a notch at the margin of the optic vesicle.
Case Tables III and IV) .
CONCLUSIONS
In a large series with the CHARGE association, we have described the spectrum of colobomamicrophthalmos including subtle defects such as a pallor of the retinal pigment epithelium inferonasal to the optic disc and marked peripapillary pigmentation. Ocular motility disorders of central origin also occur frequently; nystagmus may be horizontal, vertical, or rotary. Facial nerve palsy may be accompanied by a vertical ocular deviation.
Colobomata of the posterior segment with associated retinal detachment may be present without iris defect (30/50 had a coloboma of the posterior segment with normal irides). A large chorioretinal coloboma even with involvement of the optic disc may be consistent with moderately good central vision, but a superior visual field defect is to be expected. Refractive errors are common. Twelve of our patients have benefited from spectacles, and there may be ocular morbidity due to both meridional and strabismic amblyopia.
It is important for paediatricians to be aware of the ophthalmic features of the CHARGE association, since some, such as choroidoretinal coloboma, may be occult until complicated by retinal detachment. Ophthalmologists should be aware of the potential systemic associations of coloboma. Patients do not necessarily present as sick neonates to specialist centres; a few may be diagnosed later in life.
While the finding of typical colobomata is not specific to the CHARGE syndrome, additional findings such as facial nerve palsy may point to this diagnosis in a child with multiple abnormalities. We add a description of a dysplastic optic disc with marked peripapillary pigmentation. In addition two patients had atypical iris colobomata with normal fundi, while another had upper eyelid colobomata.
